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1
BATTERY CHARGING APPARATUS AND
METHOD OF CONTROLLING BATTERY
CHARGING APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

This application is the U.S. National Stage of International
Patent Application No. PCT/JP2013/065421 filed on Jun. 4,
2013, the disclosure of which is hereby incorporated by ref-
erence in its entirety.

TECHNICAL FIELD

The present invention relates to a battery charging appara-
tus and a method of controlling a battery charging apparatus.

BACKGROUND ART

In Japanese Patent Laid-Open Nos. 2009-118607 and
2009-118608, a conventional battery charging apparatus 300
incorporating a short-circuit regulator/rectifier is described
(FIG. 3).

The conventional battery charging apparatus 300 includes
a first generator terminal “TG1” to which a first output “Ga”
of an alternating-current generator “G” is connected, and a
second generator terminal “TG2” to which a second output
“Gb” of the alternating-current generator “G” is connected.
The battery charging apparatus 300 further includes a first
battery terminal “TB1” to which a positive electrode side of a
battery “B” is connected, and a second battery terminal
“TB2” to which a negative electrode side of the battery “B” is
connected, the battery “B” and a fuse “I”” being connected in
series with each other between the first battery terminal
“TB1” and the second battery terminal “TB2”.

The battery charging apparatus 300 further includes a rec-
tifying circuit 300 A that has four diodes “A1”to “A4” and two
thyristors “SCR1” and “SCR2”, rectifies an output current of
the alternating-current generator “G” and outputs the rectified
current to the first battery terminal “TB1”.

The battery charging apparatus 300 further includes a con-
trolling circuit “CON” that controls the thyristors “SCR1”
and “SCR2” of the rectifying circuit “300A” to rectify the
output current of the alternating-current generator “G”.

With the conventional battery charging apparatus 300,
when the battery “B” is reversely connected, a current “I”
from the battery “B” flows to the fuse “F” through the rectifier
(the diodes “A1” to “Ad4”).

The current “I” makes the fuse “F” blow. As a result,
application of a reverse voltage to an electronic device “D” is
prevented.

On the other hand, there is a conventional battery charging
apparatus 400 incorporating an open-circuit regulator/recti-
fier, for example (FIG. 4).

As with the battery charging apparatus 300 described
above, the conventional battery charging apparatus 400
includes a first generator terminal “TG1”, a second generator
terminal “TG2”, a first battery terminal “TB1” and a second
battery terminal “TB2”. The battery charging apparatus 400
further includes a rectifying circuit 400 A that has two diodes
“E1” and “E2” and two thyristors “SCR1” and “SCR2”, rec-
tifies an output current of an alternating-current generator
“G” and outputs the rectified current to the first battery ter-
minal “TB1”. The battery charging apparatus 400 further
includes a controlling circuit “CON” that controls the thyris-
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tors “SCR1” and “SCR2” of the rectifying circuit 400A to
rectify the output current of the alternating-current generator
“G”.

In the battery charging apparatus 400, the rectifier part is
formed by the thyristors “SCR1” and “SCR2”. In a normal
operation in which the output current of the alternating-cur-
rent generator “G” is rectified, the thyristors “SCR1” and
“SCR2” are turned on and off under the control of the con-
trolling circuit “CON™.

However, when the alternating-current generator “G” does
not output a current (that is, does not revolve), the controlling
circuit “CON” does not control the thyristors “SCR1” and
“SCR2”, and the thyristors “SCR1” and “SCR2” do not oper-
ate (that is, are in the off state) even if the battery “B” is
reversely connected. In this case, when the battery “B” is
reversely connected, there is no path through which a current
“I” can flow to a fuse “F” (FIG. 4).

In other words, when the battery “B” is reversely con-
nected, the fuse “F” does not blow. Therefore, a reverse volt-
age is applied to an electronic device “D”.

Another conventional battery charging apparatus 500
incorporating an open-circuit regulator/rectifier differs from
the conventional battery charging apparatus 400 described
above in that it further includes an additional diode “da” that
is connected to the first battery terminal ““TB1” at a cathode
thereof and to the second battery terminal “TB2” at an anode
thereof (FIG. 5).

When the battery “B” is reversely connected, the additional
diode “da” provides a path through which a current “I” can
flow to a fuse “F”.

The current “I” makes the fuse “F” blow. As a result,
application of a reverse voltage to an electronic device “D” is
prevented.

However, in the conventional battery charging apparatus
500 incorporating the open-circuit regulator/rectifier shown
in FIG. 5 described above, the additional diode “da” has to
have a current carrying capacity enough to withstand a cur-
rent that makes the fuse “F” blow even though the diode is not
used in the normal operation.

Thus, the additional diode “da” poses a problem that the
manufacturing cost of the battery charging apparatus 500
increases.

A battery charging apparatus, according to an embodiment
of'an aspect of the present invention, being the battery charg-
ing apparatus that controls charging of a battery by an alter-
nating-current generator, and the battery charging apparatus
comprising:

a first generator terminal to which a first output of the
alternating-current generator is connected;

a second generator terminal to which a second output of the
alternating-current generator is connected;

a first battery terminal to which a positive electrode side of
the battery is connected in a normal connection condition of
the battery;

a second battery terminal to which a negative electrode side
of'the battery is connected in the normal connection condition
of'the battery, the battery and a fuse being connected in series
with each other between the first battery terminal and the
second battery terminal;

arectifying circuit that has a first switch element connected
to the first battery terminal at a first end thereof and to the first
generator terminal at a second end thereof, a second switch
element connected to the first battery terminal at a first end
thereof and to the second generator terminal at a second end
thereof, a first rectifying element connected to the first gen-
erator terminal at a first end thereof and to the second battery
terminal at a second end thereof, and a second rectifying
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element connected to the second generator terminal at a first
end thereof and to the second battery terminal at a second end
thereof, rectifies an output current of the alternating-current
generator and outputs the rectified current to the first battery
terminal;

a detecting circuit that detects a reverse connection condi-
tion of the battery in which the negative electrode side of the
battery is connected to the first battery terminal and the posi-
tive electrode side of the battery is connected to the second
battery terminal, and controls either of the first switch ele-
ment and the second switch element based on a result of the
detection; and

a controlling circuit that controls the first switch element
and the second switch element of the rectifying circuit to
rectify the output current of the alternating-current generator,

wherein in a case where the controlling circuit stops con-
trolling the first switch element and the second switch ele-
ment, and the first switch element and the second switch
element are turned off,

the detecting circuit forcedly turns on at least one of the
first switch element and the second switch element when the
detecting circuit detects the reverse connection condition of
the battery.

In the battery charging apparatus,

the detecting circuit detects the reverse connection condi-
tion of the battery by detecting that a polarity of a voltage at
the first battery terminal or the second battery terminal is
different from the polarity in the normal connection condi-
tion.

In the battery charging apparatus,

the detecting circuit detects the reverse connection condi-
tion of the battery by detecting that a magnitude of the voltage
at the first battery terminal or the second battery terminal is
equal to or greater than a preset threshold.

In the battery charging apparatus,

in the case where the controlling circuit stops controlling
the first switch element and the second switch element, and
the first switch element and the second switch element are
turned off,

when the detecting circuit detects the reverse connection
condition of the battery, the detecting circuit forcedly turns on
either of the first switch element and the second switch ele-
ment, thereby causing a current to flow to the fuse connected
between the first battery terminal and the second battery
terminal to make the fuse blow.

In the battery charging apparatus,

the first switch element is a first thyristor connected to the
first battery terminal at a cathode thereof and to the first
generator terminal at an anode thereof,

the second switch element is a second thyristor connected
to the first battery terminal at a cathode thereof and to the
second generator terminal at an anode thereof,

the first rectifying element is a first rectifying diode con-
nected to the first generator terminal at a cathode thereof and
to the second battery terminal at an anode thereof, and

the second rectifying element is a second rectifying diode
connected to the second generator terminal at a cathode
thereofand to the second battery terminal at an anode thereof.

In the battery charging apparatus,

the detecting circuit has:

a Zener diode connected to the second battery terminal at a
cathode thereof;

a first detecting diode connected to a gate of the first thy-
ristor at a cathode thereof and to an anode of the Zener diode
at an anode thereof; and

10

15

20

25

30

35

40

45

50

55

60

65

4

a second detecting diode connected to a gate of the second
thyristor at a cathode thereof and to the anode of the Zener
diode at an anode thereof.

In the battery charging apparatus,

the detecting circuit further has:

a first detecting resistor connected between the gate of the
first thyristor and the cathode of the first detecting diode; and

a second detecting resistor connected between the gate of
the second thyristor and the cathode of the second detecting
diode.

In the battery charging apparatus,

an electronic device is connected in parallel with the fuse
between the first battery terminal and the second battery
terminal.

In the battery charging apparatus,

in the case where the controlling circuit stops controlling
the first switch element and the second switch element, and
the first switch element and the second switch element are
turned off,

the detecting circuit forcedly turns on both the first switch
element and the second switch element when the detecting
circuit detects the reverse connection condition of the battery.

In the battery charging apparatus,

the detecting circuit is driven by a current supplied from the
battery reversely connected.

In the battery charging apparatus,

the controlling circuit stops controlling the first switch
element and the second switch element in a case where the
alternating-current generator stops revolving and does not
provide the output current.

In the battery charging apparatus,

the controlling circuit is driven by at least the output cur-
rent provided by the alternating-current generator.

In the battery charging apparatus,

in the normal connection condition of the battery, the
detecting circuit does not control the first switch element and
the second switch element.

A method of controlling a battery charging apparatus, the
battery charging apparatus comprising: a first generator ter-
minal to which a first output of the alternating-current gen-
erator is connected; a second generator terminal to which a
second output of the alternating-current generator is con-
nected; a first battery terminal to which a positive electrode
side of the battery is connected in a normal connection con-
dition of the battery; a second battery terminal to which a
negative electrode side of the battery is connected in the
normal connection condition of the battery, the battery and a
fuse being connected in series with each other between the
first battery terminal and the second battery terminal; a rec-
tifying circuit that has a first switch element connected to the
first battery terminal at a first end thereof and to the first
generator terminal at a second end thereof, a second switch
element connected to the first battery terminal at a first end
thereof and to the second generator terminal at a second end
thereof, a first rectifying element connected to the first gen-
erator terminal at a first end thereof and to the second battery
terminal at a second end thereof, and a second rectifying
element connected to the second generator terminal at a first
end thereof and to the second battery terminal at a second end
thereof, rectifies an output current of the alternating-current
generator and outputs the rectified current to the first battery
terminal; a detecting circuit that detects a reverse connection
condition of the battery in which the negative electrode side of
the battery is connected to the first battery terminal and the
positive electrode side of the battery is connected to the sec-
ond battery terminal, and controls either of the first switch
element and the second switch element based on a result of
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the detection; and a controlling circuit that controls the first
switch element and the second switch element of the rectify-
ing circuit to rectify the output current of the alternating-
current generator,

wherein in a case where the controlling circuit stops con-
trolling the first switch element and the second switch ele-
ment, and the first switch element and the second switch
element are turned off,

the detecting circuit forcedly turns on at least one of the
first switch element and the second switch element when the
detecting circuit detects the reverse connection condition of
the battery.

A battery charging apparatus according to an aspect of the
present invention includes a detecting circuit that detects a
reverse connection condition of a battery in which a negative
electrode side of the battery is connected to a first battery
terminal and a positive electrode side of the battery is con-
nected to a second battery terminal, and controls either of a
first switch element and a second switch element based on a
result of the detection.

And in a case where a controlling circuit stops controlling
the first switch element and the second switch element, and
the first switch element and the second switch element are
turned off, the detecting circuit forcedly turns on at least one
of the first switch element and the second switch element
when the detecting circuit detects the reverse connection con-
dition of the battery.

In this way, when the battery is reversely connected, a path
through which a current can flow to a fuse “F” is provided.
The current makes the fuse blow. As a result, application of a
reverse voltage to an electronic device is prevented.

Furthermore, any additional diode or the like is not
required to provide a path through which a current can flow to
the fuse F when the battery is reversely connected. Therefore,
the manufacturing cost of the battery charging apparatus can
be reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a circuit diagram showing an example of a con-
figuration of a battery charging apparatus according to a first
embodiment, which is an aspect of the present invention.

FIG. 2 is a diagram for illustrating an example of an opera-
tion of the battery charging apparatus shown in FIG. 1 in a
case where a battery is reversely connected.

FIG. 3 is a circuit diagram showing an example of a con-
figuration of a conventional battery charging apparatus.

FIG. 4 is a circuit diagram showing another example of the
configuration of the conventional battery charging apparatus.

FIG. 5 is a circuit diagram showing another example of the
configuration of the conventional battery charging apparatus.

BEST MODE FOR CARRYING OUT THE
INVENTION

In the following, an embodiment of the present invention
will be described. Although a case where an alternating-
current generator is a single-phase alternating-current gen-
erator will be described below as an example, the same
description holds true for a case where the alternating-current
generator is a three-phase alternating-current generator.

First Embodiment

As shown in FIG. 1, an alternating-current generator “G” is
configured to output an alternating-current voltage to a first
output “Ga” and a second output “Gb”. The battery charging
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apparatus 100 is configured to control charging of a battery
“B” by the alternating-current generator “G”. Electric power
accumulated in the battery “B” is supplied to an electronic
device “D” connected in parallel with the battery “B”.

The battery charging apparatus 100 shown in FIG. 1
includes a first generator terminal “TG1” to which the first
output “Ga” of the alternating-current generator “G” is con-
nected, and a second generator terminal “T'G2” to which the
second output “Gb” of the alternating-current generator “G”
is connected. The battery charging apparatus 100 further
includes a first battery terminal “TB1” to which a positive
electrode side of the battery “B” is connected, and a second
battery terminal ““TB2” to which a negative electrode side of
the battery “B” is connected, the battery “B” and a fuse “F”
being connected in series with each other between the first
battery terminal “TB1” and the second battery terminal
“TB2”.

The battery charging apparatus 100 further includes a rec-
tifying circuit “A” having a first switch element “SW1” con-
nected to the first battery terminal “TB1” at one end thereof
and to the first generator terminal “TG1” at another end
thereof, a second switch element “SW2” connected to the first
battery terminal “TB1” at one end thereof and to the second
generator terminal “T'G2” at another end thereof, a first rec-
tifying element “E1” connected to the first generator terminal
“TG1” at one end thereof and to the second battery terminal
“TB2” atanother end thereof, and a second rectifying element
“E2” connected to the second generator terminal “TG2” at
one end thereof and to the second battery terminal “TB2” at
another end thereof.

The battery charging apparatus 100 further includes a
detecting circuit “DC” that detects a reverse connection con-
dition of the battery “B” in which the negative electrode side
of the battery “B” is connected to the first battery terminal
“TB1” and the positive electrode side of the battery “B” is
connected to the second battery terminal “TB2”, and controls
either of the first switch element “SW1” and the second
switch element “SW?2” based on a result of the detection.

The battery charging apparatus 100 further includes a con-
trolling circuit “CON” that controls the first switch element
“SW1” and the second switch element “SW2” of the rectify-
ing circuit “A” to rectify an output current of the alternating-
current generator “G”.

The battery “B” shown in FIG. 1 is normally connected to
the battery charging apparatus 100. More specifically, when
the battery “B” is normally connected, the positive electrode
side of the battery “B” is connected to the first battery termi-
nal “TB1” (via the fuse “F”). In addition, when the battery
“B” is normally connected, the negative electrode side of the
battery “B” is connected to the second battery terminal
“TB2”. The battery “B” and the fuse “F” are connected in
series with each other between the first battery terminal
“TB1” and the second battery terminal ““TB2”. The fuse “F”
is designed to blow when a current equal to or greater than a
prescribed value flows through the fuse “F”.

The electronic device “D” is connected in parallel with the
fuse “F” between the first battery terminal “TB1” and the
second battery terminal “TB2”.

In the example shown in FIG. 1, the fuse “F” is connected
between the first battery terminal “TB1” and the positive
electrode of the battery “B”. Alternatively, however, the fuse
“F” may be connected between the negative electrode of the
battery “B” and the second battery terminal “TB2”.

When the battery “B” is reversely connected in the oppo-
site direction to the normal connection, the negative electrode
side of the battery “B” is connected to the first battery termi-
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nal “TB1”, and the positive electrode side of the battery “B”
is connected to the second battery terminal “TB2” (FIG. 2).

As described above, the rectifying circuit “A” has the first
switch element “SW1” connected to the first battery terminal
“TB1” at one end thereof and to the first generator terminal
“TG1” at another end thereof, the second switch element
“SW2” connected to the first battery terminal “TB1” at one
end thereof and to the second generator terminal “TG2” at
another end thereof, the first rectifying element “E1” con-
nected to the first generator terminal “T'G1” at one end thereof
and to the second battery terminal “TB2” at another end
thereof, and the second rectifying element “E2” connected to
the second generator terminal “TG2” at one end thereof and to
the second battery terminal “TB2” at another end thereof.

The rectifying circuit “A” is configured to rectify the output
current of the alternating-current generator “G” and output
the rectified current to the first battery terminal “TB1”.

As showninFIG. 1, the first switch element “SW1” is a first
thyristor connected to the first battery terminal “TB1” at a
cathode thereof and to the first generator terminal “TG1” atan
anode thereof, for example.

As shown in FIG. 1, the second switch element “SW2”is a
second thyristor connected to the first battery terminal “TB1”
at a cathode thereof and to the second generator terminal
“TG2” at an anode thereof, for example.

As shown in FIG. 1, the first rectifying element “E1” is a
first rectifying diode connected to the first generator terminal
“TG1” at a cathode thereof and to the second battery terminal
“TB2” at an anode thereof, for example.

As shown in FIG. 1, the second rectifying element “E2” is
a second rectifying diode connected to the second generator
terminal “TG2” at a cathode thereof and to the second battery
terminal ““TB2” at an anode thereof, for example.

The controlling circuit “CON” is configured to control the
first switch element “SW1” and the second switch element
“SW2” of the rectifying circuit “A” to rectify the output
current of the alternating-current generator “G”.

The controlling circuit “CON” is driven by at least the
output current of the alternating-current generator “G”.

In a case where the alternating-current generator “G” stops
revolving and does not provide the output current, the con-
trolling circuit “CON” stops controlling the first switch ele-
ment “SW1” and the second switch element “SW2”. As a
result, the first switch element “SW1” and the second switch
element “SW2” are turned off.

The detecting circuit “DC” is configured to detect the
reverse connection condition of the battery “B” in which the
negative electrode side of the battery “B” is connected to the
first battery terminal “TB1” and the positive electrode side of
the battery “B” is connected to the second battery terminal
“TB2”, and control either of the first switch element “SW1”
and the second switch element “SW2” based on a result of the
detection.

Alternatively, the detecting circuit “DC” may be config-
ured to detect the reverse connection condition of the battery
“B” in which the negative electrode side of the battery “B” is
connected to the first battery terminal ““TB1” and the positive
electrode side of the battery “B” is connected to the second
battery terminal “TB2”, and control either of the first switch
element “SW1” and the second switch element “SW2” based
on a result of the detection.

The detecting circuit “DC” is configured to detect the
reverse connection condition of the battery “B” by detecting
that the polarity of the voltage at the first battery terminal
“TB1” or the second battery terminal “TB2” is different from
that in the normal connection condition.

20

25

30

40

45

55

8

For example, in the example shown in FIGS. 1 and 2, the
polarity of the voltage at the second battery terminal “TB2” is
negative in the normal connection condition and positive in
the reverse connection condition. In this case, the detecting
circuit “DC” detects the reverse connection condition of the
battery “B” by detecting that the polarity of the voltage at the
second battery terminal “TB2” is positive.

More specifically, the detecting circuit “DC” may be con-
figured to detect the reverse connection condition of the bat-
tery “B” by detecting that the polarity ofthe voltage at the first
battery terminal “TB1” or the second battery terminal “TB2”
is different from that in the normal connection condition, and
the magnitude of the voltage at the first battery terminal
“TB1” or the second battery terminal “TB2” is equal to or
greater than a preset threshold.

In that case, even if the voltage at the first battery terminal
“TB1” or the second battery terminal “TB2” changes due to
noise or the like, for example, the detecting circuit “DC” does
not determine that the battery “B” is reversely connected if
the magnitude of the voltage is lower than the threshold. That
is, the possibility of erroneous detection of the reverse con-
nection condition of the battery “B” by the detecting circuit
“DC” due to noise or the like can be reduced.

When the detecting circuit “DC” detects the reverse con-
nection condition of the battery “B”, the detecting circuit
“DC” forcedly turns on at least one of the first switch element
“SW1” and the second switch element “SW2”.

When the detecting circuit “DC” detects the reverse con-
nection condition of the battery “B”, the detecting circuit
“DC” may forcedly turn on both the first switch element
“SW1” and the second switch element “SW2”.

In the case where both the first switch element “SW1” and
the second switch element “SW2” are forcedly turned on, a
current “I” flowing through the fuse “F” increases compared
with the case where only one of the first switch element
“SW1” and the second switch element “SW2” is turned on.
That is, the fuse “F” can be made to blow with higher reli-
ability.

The detecting circuit “DC” is configured to be driven by the
current supplied from the battery “B” reversely connected,
for example. The detecting circuit “DC” does not control the
first switch element “SW1” and the second switch element
“SW2” when the battery “B” is normally connected.

As shown in FIG. 1, the detecting circuit “DC” has a Zener
diode “Z” connected to the second battery terminal “TB2” at
acathode thereof, a first detecting diode “d1” connected to the
first thyristor (first switch element “SW1”) at a cathode
thereof and to an anode of the Zener diode “Z” at an anode
thereof, and a second detecting diode “d2” connected to the
second thyristor (second switch element “SW2”") at a cathode
thereof and to the anode of the Zener diode “Z” at an anode
thereof, for example.

As shown in FIG. 1, the detecting circuit “DC” may further
include a first detecting resistor “rl” connected between a
gate of the first thyristor (first switch element “SW1”) and the
cathode of the first detecting diode “d1”, and a second detect-
ing resistor “r2” connected between a gate of the second
thyristor (second switch element “SW2”") and the cathode of
the second detecting diode “d2”, for example. In the example
shown in FIG. 1, the Zener diode “Z” may be omitted as
required.

The first detecting resistor “rl” may be connected between
the anode of the first detecting diode “d1” and the anode of the
Zener diode “Z”. Similarly, the second detecting resistor “r2”
may be connected between the anode of the second detecting
diode “d2” and the anode of the Zener diode “Z”.
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When the battery “B” is reversely connected, if a voltage
applied to the Zener diode “Z” exceeds a breakdown voltage,
a current flows through the first detecting diode “d1” and the
second detecting diode “d2”. As a result, a control current is
supplied to the gates of the first thyristor (first switch element
“SW1”) and the second thyristor (second switch element
“SW2”), and the first thyristor (first switch element “SW1”)
and the second thyristor (second switch element “SW2”) are
turned on.

Next, an example of a method of controlling the battery
charging apparatus 100 configured as described above will be
described.

As described above, when the alternating-current genera-
tor “G” stops the output current, for example, the controlling
circuit “CON” stops controlling the first switch elements
“SW1” and the second switch element “SW2”. As aresult, the
first switch element “SW1” and the second switch element
“SW2” are turned off.

Once the switch elements are turned off, the detecting
circuit “DC” is driven by the current supplied from the battery
“B” reversely connected (FIG. 2).

The detecting circuit “DC” then detects the reverse con-
nection condition of the battery “B” by detecting that the
polarity of the voltage at the first battery terminal “TB1” or
the second battery terminal “TB2” is different from that in the
normal connection condition.

More specifically, the detecting circuit “DC” detects the
reverse connection condition of the battery “B” by detecting
that the polarity of the voltage at the first battery terminal
“TB1” or the second battery terminal “TB2” is different from
that in the normal connection condition, and the magnitude of
the voltage at the first battery terminal “TB1” or the second
battery terminal “TB2” is equal to or greater than the preset
threshold.

Once the detecting circuit “DC” detects the reverse con-
nection condition of the battery “B”, the detecting circuit
“DC” forcedly turns on at least one of the first switch element
“SW1” and the second switch element “SW2”.

In short, in a case where the controlling circuit “CON”
stops controlling the first switch element “SW1” and the
second switch element “SW2”, and the first switch element
“SW1” and the second switch element “SW2” are turned off,
the detecting circuit “DC” forcedly turns on at least one of the
first switch element “SW1” and the second switch element
“SW2” when the detecting circuit “DC” detects the reverse
connection condition of the battery “B”.

In this way, when the battery “B” is reversely connected, a
path through which the current “I”” can flow to the fuse “F” is
provided (FIG. 2). Then, the current “I” flows through the
fuse “F” connected between the first battery terminal “TB1”
and the second battery terminal “TB2” and makes the fuse
“F” blow. As a result, application of a reverse voltage to the
electronic device “D” is prevented.

As described above, the battery charging apparatus 100
according to an aspect of the present invention includes the
detecting circuit “DC” that detects the reverse connection
condition of the battery “B” in which the negative electrode
side of the battery “B” is connected to the first battery termi-
nal “TB1” and the positive electrode side of the battery “B” is
connected to the second battery terminal “TB2”, and controls
either of the first switch element “SW1” and the second
switch element “SW2” based on a result of the detection
(FIG. 1).

And in the case where the controlling circuit “CON” stops
controlling the first switch element “SW1” and the second
switch element “SW2”, and the first switch element “SW1”
and the second switch element “SW2” are turned off, the
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detecting circuit “DC” forcedly turns on at least one of the
first switch element “SW1” and the second switch element
“SW2” when the detecting circuit “DC” detects the reverse
connection condition of the battery “B”.

In this way, when the battery “B” is reversely connected, a
path through which the current “I” can flow to the fuse “F” is
provided (FIG. 2). The current “I” makes the fuse “F” blow.
As a result, application of a reverse voltage to the electronic
device “D” is prevented.

Furthermore, any additional diode or the like is not
required to provide a path through which the current “I” can
flow to the fuse “F”” when the battery “B” is reversely con-
nected. Therefore, the manufacturing cost of the battery
charging apparatus 100 can be reduced.

The embodiment is given for illustrative purposes, and the
scope of the present invention is not limited thereto.

REFERENCE SIGNS LIST

100 a battery charging apparatus
“G” an alternating-current generator
“Ga” a first output

“TG1” a first generator terminal
“Gb” a second output

“TG2” a second generator terminal
“B” a battery

“TB1” a first battery terminal

“F” a fuse

“TB2” a second battery terminal
“SW1” a first switch element
“SW2” a second switch element
“E1” a first rectifying element
“E2” a second rectifying element
“A” a rectifying circuit

“DC” a detecting circuit

“CON?” a controlling circuit

The invention claimed is:

1. A battery charging apparatus that controls charging of a

battery by an alternating-current generator, comprising:

a first generator terminal to which a first output of the
alternating-current generator is connected;

a second generator terminal to which a second output of the
alternating-current generator is connected;

a first battery terminal to which a positive electrode side of
the battery is connected in a normal connection condi-
tion of the battery;

a second battery terminal to which a negative electrode side
of the battery is connected in the normal connection
condition of the battery, the battery and a fuse being
connected in series with each other between the first
battery terminal and the second battery terminal;

arectifying circuit that has a first switch element connected
to the first battery terminal at a first end thereof and to the
first generator terminal at a second end thereof, a second
switch element connected to the first battery terminal at
afirst end thereof and to the second generator terminal at
a second end thereof, a first rectifying element con-
nected to the first generator terminal at a first end thereof
and to the second battery terminal at a second end
thereof, and a second rectifying element connected to
the second generator terminal at a first end thereof and to
the second battery terminal at a second end thereof,
rectifies an output current of the alternating-current gen-
erator and outputs the rectified output current to the first
battery terminal;

a detecting circuit that detects a reverse connection condi-
tion of the battery in which the negative electrode side of
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the battery is connected to the first battery terminal and
the positive electrode side of the battery is connected to
the second battery terminal, and controls either of the
first switch element and the second switch element
based on a detection result; and

a controlling circuit that controls the first switch element
and the second switch element of the rectifying circuit to
rectify the output current of the alternating-current gen-
erator,

wherein in a case when the controlling circuit stops con-
trolling the first switch element and the second switch
element, and the first switch element and the second
switch element are turned off,

the detecting circuit forcedly turns on at least one of the
first switch element and the second switch element when
the detecting circuit detects the reverse connection con-
dition of the battery.

2. The battery charging apparatus according to claim 1,
wherein the detecting circuit detects the reverse connection
condition of the battery by detecting that a polarity of a
voltage at the first battery terminal or the second battery
terminal is different from the polarity in the normal connec-
tion condition.

3. The battery charging apparatus according to claim 2,
wherein the detecting circuit detects the reverse connection
condition of the battery by detecting that a magnitude of the
voltage at the first battery terminal or the second battery
terminal is equal to or greater than a preset threshold.

4. The battery charging apparatus according to claim 1,
wherein in the case when the controlling circuit stops con-
trolling the first switch element and the second switch ele-
ment, and the first switch element and the second switch
element are turned off,

when the detecting circuit detects the reverse connection
condition of the battery, the detecting circuit forcedly
turns on either of the first switch element and the second
switch element, thereby causing a current to flow to the
fuse connected between the first battery terminal and the
second battery terminal to make the fuse blow.

5. The battery charging apparatus according to claim 1,
wherein the first switch element is a first thyristor connected
to the first battery terminal at a cathode thereof and to the first
generator terminal at an anode thereof,

the second switch element is a second thyristor connected
to the first battery terminal at a cathode thereof and to the
second generator terminal at an anode thereof,

the first rectifying element is a first rectifying diode con-
nected to the first generator terminal at a cathode thereof
and to the second battery terminal at an anode thereof,
and

the second rectifying element is a second rectifying diode
connected to the second generator terminal at a cathode
thereof and to the second battery terminal at an anode
thereof.

6. The battery charging apparatus according to claim 5,

wherein the detecting circuit has:

a Zener diode connected to the second battery terminal at a
cathode thereof;

a first detecting diode connected to a gate of the first thy-
ristor at a cathode thereof and to an anode of the Zener
diode at an anode thereof; and

a second detecting diode connected to a gate of the second
thyristor at a cathode thereof and to the anode of the
Zener diode at an anode thereof.

7. The battery charging apparatus according to claim 6,

wherein the detecting circuit further has:
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a first detecting resistor connected between the gate of the
first thyristor and the cathode of the first detecting diode;
and

a second detecting resistor connected between the gate of
the second thyristor and the cathode of the second
detecting diode.

8. The battery charging apparatus according to claim 1,
wherein an electronic device is connected in parallel with the
fuse between the first battery terminal and the second battery
terminal.

9. The battery charging apparatus according to claim 1,
wherein in the case when the controlling circuit stops con-
trolling the first switch element and the second switch ele-
ment, and the first switch element and the second switch
element are turned off,

the detecting circuit forcedly turns on both the first switch
element and the second switch element when the detect-
ing circuit detects the reverse connection condition of
the battery.

10. The battery charging apparatus according to claim 1,
wherein the detecting circuit is driven by a current supplied
from the battery reversely connected.

11. The battery charging apparatus according to claim 1,
wherein the controlling circuit stops controlling the first
switch element and the second switch element in a case when
the alternating-current generator stops revolving and does not
provide the output current.

12. The battery charging apparatus according to claim 1,
wherein the controlling circuit is driven by at least the output
current provided by the alternating-current generator.

13. The battery charging apparatus according to claim 1,
wherein, in the normal connection condition of the battery,
the detecting circuit does not control the first switch element
and the second switch element.

14. A method of controlling a battery charging apparatus,
the battery charging apparatus comprising: a first generator
terminal to which a first output of the alternating-current
generator is connected; a second generator terminal to which
a second output of the alternating-current generator is con-
nected; a first battery terminal to which a positive electrode
side of the battery is connected in a normal connection con-
dition of the battery; a second battery terminal to which a
negative electrode side of the battery is connected in the
normal connection condition of the battery, the battery and a
fuse being connected in series with each other between the
first battery terminal and the second battery terminal; a rec-
tifying circuit that has a first switch element connected to the
first battery terminal at a first end thereof and to the first
generator terminal at a second end thereof, a second switch
element connected to the first battery terminal at a first end
thereof and to the second generator terminal at a second end
thereof, a first rectifying element connected to the first gen-
erator terminal at a first end thereof and to the second battery
terminal at a second end thereof, and a second rectifying
element connected to the second generator terminal at a first
end thereof and to the second battery terminal at a second end
thereof, rectifies an output current of the alternating-current
generator and outputs the rectified output current to the first
battery terminal; a detecting circuit that detects a reverse
connection condition of the battery in which the negative
electrode side of the battery is connected to the first battery
terminal and the positive electrode side of the battery is con-
nected to the second battery terminal, and controls either of
the first switch element and the second switch element based
ona detection result; and a controlling circuit that controls the



US 9,337,673 B2

13

first switch element and the second switch element of the
rectifying circuit to rectify the output current of the alternat-
ing-current generator,
wherein in a case when the controlling circuit stops con-
trolling the first switch element and the second switch
element, and the first switch element and the second
switch element are turned off,
the detecting circuit forcedly turns on at least one of the
first switch element and the second switch element when
the detecting circuit detects the reverse connection con-
dition of the battery.
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